The importance of timely response to natural disasters and evacuating affected people to safe areas is paramount to save lives. Emergency services are often handicapped by the amount of rescue resources at their disposal. We present a system that leverages the power of a social network forming new connections among people based on real-time location and expands the rescue resources pool by adding private sector cars. We also introduce a car-sharing algorithm to identify safe routes in an emergency with the aim of minimizing evacuation time, maximizing pick-up of people without cars, and avoiding traffic congestion.
INTRODUCTION
Natural disasters such as fire and floods cause global loss of life every year. Fast and effective evacuations are crucial to reduce the death toll in these emergency situations. However, rescue teams are often restricted by the limited resources (e.g., the number of evacuation vehicles, helicopters) on hand, not allowing them to respond timely to all the affected people. To bridge the gap, we propose a social network-enabled LeaveNow system that solicits private car resources from social sectors, e.g., volunteers to complement official rescue resources. It aggregates requests for help and available cars based on real-time locations and coordinates car-sharing services during the evacuation. Unlike existing social networks, LeaveNow connects people in real-time based on location. Thanks to the car-sharing service and routing optimization empowered by backend services, LeaveNow supports coordinative evacuation actions to mitigate traffic congestion and enable an efficient use of available resources Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org. We further propose an algorithm which ensures safety of volunteer drivers and aims to save more lives. The algorithm identifies all exits in the danger zone based on a road map. Each volunteer driver is automatically advised to take the exit that minimizes their own evacuation time. The algorithm also maximizes the number of passengers assigned to volunteer drivers to be picked up on their evacuation routes. Both volunteers and passengers benefit from such scheduling as the road traffic is largely reduced.
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LEAVENOW SYSTEM
In this section, we present the LeaveNow system architecture, including the rescue-and-routing algorithm, and describe the system workflow and user interfaces. The LeaveNow system consists of three layers as shown in Figure 1 :
Clients: Seeker is a mobile client interface, used by people who require car-sharing services if they lack the means to leave the disaster affected area in a timely manner. Volunteer is another mobile client interface used by volunteer drivers who offer pick-up services for the seekers. Operation Centre provides several functionalities, including: a) broadcasting warnings of danger; b) receiving the location and number of service seekers and volunteer cars; c) aggregating and transmitting information to the back-end services; and d) monitoring the progress of the current evacuation.
Backend Services: This layer is the central coordinator. Destination Generator generates all exit locations of the specified danger zone (geographic boundary). Danger zones can be manually selected by a qualified operator or automatically determined by interpreting the affected area using information shared in the social network or broadcasted via official channels. Destination Generator applies the Multi-Agent Transport Simulation Toolkit (MATSim) 1 to automatically identify the location of all exits, which is the intersection of the danger zone and all segments of road map in MATSim. Traffic Engine generates route plans on the basis of road maps, traffic conditions and evacuation help requests. Traffic Engine computes the evacuation routes of volunteers based on the travel distance to each exit, speed limits and traffic congestion. For each volunteer driver, Traffic Engine generates the best safe route to each exit from its current location. Among these routes, the exit that has the shortest travel time is assigned to the volunteer. Assignment Engine evaluates and selects an optimized evacuation scheduling determined by a pickup and routing algorithm. Each volunteer has a corresponding exit determined by Traffic Engine. Seekers are assigned to volunteers, provided they are within a pre-defined distance to the route. Volunteers then pick up seekers on their way to exits.
Cloud Infrastructure: It offers an Infrastructure-asa-Service (IaaS), which enables clients to access the Data Storage and other computing resources. We leverage SoftLayer Object Storage to store the input (road segment map, evacuation zone, traffic simulator configuration) and output (exits, evacuation routes and seeker assignment schema) of the whole LeaveNow system. The LeaveNow Seeker and Volunteer mobile clients gather relevant information (e.g. location, number of available seats), which is shared over the social network and is transported via the MQTT protocol 2 supported by the MessageSight virtual appliance 3 . The information is encapsulated and transmitted to the backend service via REST API 4 . The backend services optimize all requests and available resources in the rescue-and-routing scheduling. The results are then sent back to all clients in real-time, as well as made available to emergency services to keep an updated status of the rescue situation. Figure 2 shows the LeaveNow user interfaces and workflow. 
EVACUATION TIME ANALYSIS
LeaveNow maximizes the number of people per vehicle and recommends users, via the social network, to use volunteer rescue vehicles instead of driving their own. Figure 3 shows the evacuation time with different vehicle numbers for a danger zone size of about 30km
2 . The average evacuation time increases linearly with the vehicle number, however, when the vehicle number reaches 400 the variation of evacuation time increases exponentially. Therefore, by reducing the number of on-road vehicles, LeaveNow mitigates congestion and leads to faster evacuation. 
CONCLUSIONS & FUTURE WORK
LeaveNow integrates a real-time location-based social network into the coordination and optimization of evacuations during a disaster. Via the efficient car-sharing and optimized routing services, LeaveNow reduces the load on public emergency services and coordinates social effort to save lives. We plan to extend the dynamics of road networks during disasters to traffic simulations, e.g, a fallen tree branch or power line blocking the road. Thus the next version of LeaveNow will achieve a higher level of realism in computing evacuation routes and assigning seekers to volunteers. We also plan to improve the car-sharing algorithm. For example, if a seeker is not on a volunteer's route but is nearby, the volunteer can still pick up the seeker, provided it is safe to do so. This strategy is expected to result in further reduction of the number of seekers who would not be assigned for pick-up if they were not on any route of volunteers.
